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the steady state equation becomes:
V3 - — —F=0
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For a point source of slow neutrons (q, =0 except at r = 0 where q, is a delta function),
the equation reduces to:

V% - (/L3 =0 (7-4)
The solution is spherically symmetrical, so equation (7-4) reduces to the radial equation:
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Let u =nr. The equation becomes u” — (u/L?) =0 where u” = d%u/dr® Solutions are u = exp
(£r/L). The boundary condition that n-0 as r~ o eliminates the positive exponential, so the
solution is:
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The constant A can be evaluated by considering a small sphere enclosing the source at the origin.
The neutron current, equation (6-20) of Chapter VI, is =DVn = ~Ddn/dr = =DAe™ 7™ [ —1/(Lr)
—1/r2]. Multiplying this by the area of the sphere 47r? and letting 10 gives 47DA. This isthe
source strength Q. Thus A is Q/ (4nD) or 3Q/(4m A v) The complete solunon to (7-3) for a point
source of Q slow neutrons per unit time is:
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The solution may be checked by substitution in equation (7-5).

The point source solution is particularly important since any source can be'represented by

a proper assembly of point sources, and the corresponding solution is the superposition of these
point source solutions.

To solve this equation for a point source of fast neutrons we set up an integral over a
distribution of thermal neutron point sources all over space that arise from the slowing down of
the fast neutrons (see Figure 40). Now we can find the density of slow neutrons at a distance
r from the point source of fast neutrons as follows. In any volume element dV, a distance
from the point source of fast neutrons, there are q, dV thermal neutrons per second being pro-
duced by the slowing down process where q, [see equation (6-28)] is:

q, = -Q e—p2/4-r
T (41I'T)3/2

with = age for thermal neutrons,

Q

The volume element dV is expressed in spherical coordinates, dV = p%dp sih #d 6 d¢, and the
polar axis (¢ = 0) is taken to pass through the point at which we are finding' the thermal neutron

fast neutron source strength (neutrons/second).
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